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Abstract 

We develop farther a simple model of cold dark matter consisting of sterile spin- 
1/2 fermions (sterinos), whose mass is generated by a nonzero vacuum expectation 
value of a field of sterile scalars (sterons). In this model, the sterile world of sterinos 
and sterons is conjectured to communicate with the familiar Standard Model world 
not only through gravity, but also through a photonic portal provided by a very 
weak effective interaction of the electromagnetic field with sterino and steron fields. 
Then, an extra, finite renormalization leading from the primary bare electric charge 
to a new bare electric charge appears spontaneously. Due to the photonic portal, the 
cold dark matter consisting of sterinos displays a phenomenon of quasi-magnetism, 
what means that it can interact effectively with cosmic (and laboratory) magnetic 
fields. 
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1. Introduction 

In a recent work [1], a simple model for cold dark matter consisting of spin-1/2 
fermions, sterile from Standard Model charges, has been proposed, where masses are 
generated by a nonzero vacuum expectation value of a field of scalar bosons, also assumed 
to be sterile. It has been conjectured that — after the electroweak symmetry is broken 
and related photons emerge — the fields -0 and </p of these sterile particles interact di- 
rectly with the electromagnetic field F^i, — d^Ai, — dvA^ through the very weak effective 
coupling 

- ^ F,^ <pF^^ cp-^ {i,a,^^l^) F^'^<p . (1) 

Here, M is a very large mass scale, while / and /' are unknown dimensionless coupling 
constants. This mechanism has been called the photonic portal (to the sterile world). It 
is an alternative for the popular Higgs portal (to the sterile world) provided by a direct 
interaction of some sterile scalars with the Standard Model Higgs bosons (c/. Ref. [2] for 
a recent discussion including Sommerfeld corrections to this interaction). 

Beside the effective coupling (1), our iJj and 99 fields interact gravitationally as well as 
participate in the mass-generating Higgs-type coupling 
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-{tPY^)ip + -li^(p^ --X<f^ with <(p>y^^O, (2) 

where F is a constant matrix if there are more generations of ip fermions. Here, the 
physical scalar field is y^ph = (p — <(/9>vac- For convenience in their presentation, the i/j 
and (p sterile particles have been called sterinos and sterons, respectively 

2. Spontaneous renormalization 

When the effective interaction (1) is added to the electromagnetic Lagrangian — |F^,^F'^'^— 
j^A^, where F/^^, — d^Ai, — dvA^j^ and is the Standard Model electromagnetic current, 
the resulting effective Lagrangian is 

^ - -\f.^F'' (1 + ^^') - JfM^.^^)F'''^-J,A^ ■ (3) 
With (f =<</?> vac +Vph, the first term in Eq. (3) can be rewritten as 
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where 



l + ^(2<^>. 



4/ 



(4) 



> 1 . 



(5) 



Then, operating with the constant Z~^^ we can observe that the effective Lagrangian 
(3) undergoes an extra, finite renormalization caused by <v5>vac7^ that may be called 
spontaneous. It leads from the primary bare to new bare quantities. In fact, applying the 
finite renormalization defined by the transformationj*] 



%IjZ' 



-1/4 



(6) 



and 



eZ"^ ^ e , fZ^f, fZ^f, 
we transit from the primary Lagrangian (3) to an equal new Lagrangian: 



(7) 



C ^ C = -^F^uF^''' 

-Jp (^^M-^) («/'>vac +¥'ph) - J,A^ . (8) 

Here, a new bare electric charge e in a new Standard Model electromagnetic current oc e 
is spontaneously formed by the tranformation eZ^^"^ e with j^/e j^t/e. Under this 
renormalization, the coupling constants / and /' behave formally as e^, while the fields 
F^y and if) follow the pattern of and e~^/^, respectively. Consequently, in the second 
Ref. [1] it is tentatively proposed that numerically / ~ e^/4 and /' ~ 
At the same time, for the sterino kinetic Lagrangian we get 



1 + 



M2 



(2 «^>vac <^ph + V'Jh) 



ipi^f-p- msto) ip ^ipi^fp- msto) (9) 

after our finite renormalization where in addition 

*Here, F^^Z~^I'^ F^^ means that F^^Z^^/^ — F^'^J"^^ and then the finite renormaUzation label (ren) 
is suppressed in our notation, etc. 
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msto^'/' ^ msto , pZ^l^^p. (10) 

Here, the primary sterino bare mass mgto = Y <(fi>vac, when multiplied by Z^/^, goes 
over into a new sterino bare mass mgto = Y <^>vac- Thus, 

yzV2 ^ Y , (11) 

as <</?>vac— ^<</'>vac due to the last Eq. (6). 

Note that the mediating field A^^,, discussed later on in Section 4, does not change 
during the finite renormalization defined in Eqs. (6) and (7), A^^ — > A^^ (similarly, the 
steron field does not change, (p ^ ip, and also all Standard Model fields). The same is 
true for the corresponding mass, M ^ M (similarly, for the steron mass, mstn — ?^stn, 
and also for all Standard Model masses). 

The usual renormalization, as far as it works for effective interactions, goes normally, 
now from the new bare quantities to the fully renormalized quantities (after the full 
renormalization we have = Aira — 1/10.9 = 0.0917 at low energies). 

3. Quasi-magnetism of cold dark matter 

The Lagrangian (8) implies the electromagnetic field equation 

d^F^, = -j^ - 5j^ (12) 

(with Ffj,„ ^ d^Aj, - d^Afj), where 

fF^^ (2 <93>vac <^ph+ V'Jh) + \ f' {i^(^nyi^) («^>vac +9'ph) 
~ Jpd'' [F^i. (2 <^>vac V'ph + V'ph) + {^(^nu^) {<V>v3x: +<^ph)] (13) 

is a quasi-magnetic correction to the Standard Model electromagnetic current j^, as 
d^^Sjn = identically, while dfj,j^ — dynamically (so the correction Sj/^ carries no gauge 
charge). In the second step in Eq. (13), our tentative proposal of / ~ e^/4 and /' ~ e^/2 
is applied. 

We can see from Eq. (8) that — due to the photonic portal — sterinos, though they 
are sterile, display the effective quasi-magnetic interaction 
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- fies {ipa^ui^) F^-" (14) 
proportional to the sterino quasi-magnetic moment 

vac /i i-\ 

= ~lP 2AP~ ' ^^^^ 

where in the second step /' ~ e^/2 tentatively. Thus, the cold dark matter consisting of 

sterinos is quasi-magnetic, what means that it can interact effectively with cosmic (and 

laboratory) magnetic fields! Thus, the phenomenon of polarization of cold dark matter 

in external magnetic fields may appear, leading to its quasi-magnetization. 

4. A more fundamental level 

Note finally that a third term —{f" / M'^){Tpa^i,'ip){ipa^^^ip) might be introduced into 
the effective coupling (1), suggesting then a kind of sterile universality, where it would 
be natural to put /:/':/" = 1 : 2 : 1. Such a universality can be achievied by the 
conjecture that, at a more fundamental level, the sterile "tensor current" F^,^(/7 -|- ■0(T^,^'0 
appears to be coupled to an antisymmetric tensor field A*^" (of dimension one) carrying 
a very large mass M [1]. 

At this fundamental level, the electromagnetic Lagrangian extended by the universal 
coupling of sterile particle fields to the A^^ field as well as by the kinetic term of A^"" field 
takes the form 



Aund = -\f,uF^'' - J.Af^ - \ [(dxA,,) {d^A^^") + M''A^,A>^'] 

-^/7(F^,(^ + V^a^,V')^'^^ (16) 

if /:/':/" = 1 : 2 : 1 (c/. the second Ref. [1]). It implies the following two field 
equations for F^i, and A^i,: 



d" [f^, + 2^7 V'V) = -Jm , (□ - M^) V = -2^/7 {F^,^ + i^a^^i^) (17) 
(with Ffj^j, — dfj^Aj^ — dj^A^ and d,^d^ — — □). The first Eq. (17) can be put in the form 

d^'F^, = -3^ - or d'^iF^, + 5F^,) = -j^ , (18) 
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where 



If the momentum transfers through the field A/^i, are approximately negligible versus 
M^, then from the second Eq. (17) 

2/7 

and so, from the first Eq. (19) and the identity ip =<(^>vac +^ph 



+ [Ff^u (2 <¥^>vax. V'ph + (/^-ph) + (V'f^M-V') {<V>y^^ +¥'ph)] ■ (21) 

Hence, using the first Eq. (18) and the definition (5) of Z~^, we obtain (multiplying by 
ZV2): 

lZ|a'^[ir^^(2«^>^^^ ¥^ph + <^y +(^^/..V')(«^>vac^pi;)]^"'/'. 

(22) 

After the finite renormalization (6) and (7), this gives d^F^^, ~ —j^ — (see Eq. (12)) 
with a new Sj^ as calculated in Eq. (13) from the effective Lagrangian (8) (valid after 
this finite renormalization). Here, / = /V2- 

5. Final remarks 

In the case of effective interaction (1) (when our effective Lagrangian (8) works) it is 
shown in the second Ref. [1] that sterinos — as candidates for cold dark matter — are 
consistent with its observed relic abundance Vt-oyih'^ ~ 0.1 [3], if they freeze out thermally 
in the early Universe with the mass 

msto ~ 0.6 TeV . (23) 

This estimation is valid under the tentative assumptions that the sterino and steron masses 
as well as the mass scale M are similar, 
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rristo ~ rustn ~ M , 
and that the magnitude of coupling constant /' = 2/ is near to e^/2, 



(24) 



f = 2f- ■ (25) 

In this case, sterons are unstable at the Universe time-scale. 

Due to the quasi-magnetism of sterinos, as it is described by the interaction (14), they 
could be produced in the high energy collisions of Standard Model particles via virtual 
photons. The simplest production process of this kind would be 

e"*" e~ —>■ J* —>■ (antisterino) (sterino) (26) 

with the centre-of-mass threshold energy ~ 1.2 TeV if our tentative estimate of the sterino 
mass msto was applied. 

Making use of the coupling 

ei^.^^i^eA^ - /Xeff i^a^ui^F'^" (27) 

(see Eq. (14)), where e = |e| and /leS = /' <'fi>vac /M^, while ipe and ip are the electron 
and sterino fields, we can calculate in a conventional way [4] the following differential and 
total cross-sections for the sterino-antisterino production process (26) in the electron- 
positron centre-of-mass frame: 



da 
and 



e' e 



asto sto) 



1 1 /'e/'<V?>vacA \p, 



2ve (27r)2 \ J 2E, 



1 + 



m. 



sto 



m. 



El 



sto \ „ 2n 

COS fc/sto 



(28) 



aie^ e ■ 



asto sto)2ve 



1 / ef <^>, 



1 + 2- 



sto 



(29) 



37r V J \ El 

Here, Psto-Pe = |Psto||Pe| cos6'sto, dflsto = 27ism9stod9sto and = \Pe\/Ee. In Eqs. (28) and 
(29), the electron mass rrie is negligible due to the condition of ml/ E^ <^ 1. In the case 
of our tentative assumptions of rngto ~ r«stn ~ M and /' ~ e^/2, we get rngto ~ 0.6 TeV 
(after the full renormalization we have = 1/10.9 = 0.0917 at low energies). 
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Our concluding sentences may read as follows. The presented model of cold dark 
matter is based on two sterile fields 'ijj and ip (sterinos and sterons) and one mediating 
field Afj^j,. All are coupled to the electromagnetic field F^i^ forming then the photonic 
portal from the Standard Model world to sterile world, the latter displaying in such a 
case the quasi-magnetism. This unifies the Standard Model electrodynamics with the 
dynamics of sterile world (see Eqs. (17) and also (18)). Such a construction works after 
the Standard Model electroweak symmetry is broken and photons emerge. Thus, the 
new unification might be dual or complementary to the previous electroweak unification 
{contraria sunt complementa — Niels Bohr). 

The enthusiasts of supersymmetry are right to emphasize the fact that the experi- 
mental estimation JIdm^^ ~ 0.1 — implying for a particle-antiparticle pair of cold dark 
matter (possibly of Majorana character) the total annihilation cross-section ~ 1 pb — is 
consistent with neutralinos x candidates for the thermal dark matter if ~ 0.1 TeV. 
However, our sterinos can be also consistent with the experimental value of I^dm^^ ~ 0.1 
if msto ~ 0.6 TeV (as is shown under the tentative assumptions of msto ~ "^stn ~ M and 
/ ~ e^/4). This qualifies also sterinos as candidates for the thermal dark matter. 
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